INTRODUCTION
The mechanical perfonnance of fibre reinforced polymer and metal matrix composites is, among other factors, closely related to the fibre/matrix interfacial shear strength and to the tensile strength distribution of the fibre during loading. Single fibre composite (SFC) tests are well known as an experimental procedure used for assessing interfacial as well as fibre strength [1, 2] . A fibre is embedded along the centre line of a dog-bone shaped specimen of matrix material. When this specimen is strained in a uniaxial tensile test, the single fibre fragments repeatedly. Ifthe strain to failure of the matrix material is sufficiently high, the fragmentation process comes to an apparent standstill (saturation) before the fracture of the entire dog-bone specimen. Conclusions are drawn with respect to the desired strength parameters of the fibre and the fibre/matrix interface from the fragmentation process and from the resulting fibre fragment length. Although the SFC test appears quite simple, various inherent mechanical and statistical difficulties exist and there is still a lack in understanding the failure processes of composites. For better interpretation of these processes it is important to know the stress distribution around the fibre while loading. Finite Element Modeling and other simulation methods are one way to get a better understanding on a micromechanical scale [3] . Looking at experimental techniques in association with the SFCtest among other techniques (like acoustic emission [4] ), microscopic and photoelastic investigations are used to investigate fibre fracture and to localize fibre break [2, 5] . Works with photoelastic analyses to study micro mechanical interactions between broken fibres and nearby unbroken fibres (and birefringing matrix materials) were perfonned with conventional polariscopes [5] . This paper introduces a photoelastic technique based on confocal laser scanning microscopy for in-situ (during loading) observation of failure processes in fibre/matrix materials. With model composites (with Polycarbonate matrix) containing an arrangement of several semiretlecting layers and the possibility of depth sensitive observation one obtains information about the stresses, even in depth, layer by layer. A phase shifting method is applied to improve the interpretation of the isochromatic fringe pattern, especially around the fibres. From the phase fringe pattern one can determine the shear stresses (difference of secondary principal stresses) along the fibre. Typical failure mechanisms like debonding or fibrefracture are observed.
EXPERIMENT AND THEORY Preparation and Testing of the Samples
Polycarbonate (pC 3200, PC 2005, PC 2000 CD / CD,Bayer AG) was selected as the matrix material because it is a technical thermoplast which is used in industry (and not a pure model-material) and because its photomechanical behaviour is suitable for birefringence studies. As reinforcements E-glass fibres (d= 50 11m to 100 11m) and boron-fibres (d= 100 1Jrn) of variable diameter d and length (1=1.2 mm to 20 mm) were used. Different fibre coatings were applied on the glass fibres to vary fibre/matrix-bonding and fibre strength so that finally different failure mechanisms could be observed that are typical for ductile composites. The single-fibre-composites were produced via hot pressing using the foil-fibre-foil technique (sandwich technique).
To prepare the multilayer specimen with the semireflecting coating, as many foils (corresponding to layers) as needed were pressed together. The reflecting layer was applied by sputtering a thin layer of gold onto the raw foils before sandwiching and pressing. The absolute value for the reflectance is below 5%. Dog-bone shaped tensile test specimen (18 mm wide, 28 mm length of homogeneous part) were punched out of the 400 11m to 600 11m thick material. The fabrication allowed for good control of the position of the reflecting layers and precise alignment of the fibre in the centre of the specimen. With a screw-driven miniature testing machine the specimen were strained at a crosshead velocity of I mmlmin. Any influence of the gold layer, e.g. on mechanical properties, could not be found.
Confocal-Laser -Scanning-Microscopy
Unlike standard microscopes the Confocal-Laser-Scanning-Microscopy (CLSM) provides information within any particular volume element of a semitransparent specimen. All other information (unsharp images from other planes) are effectively removed by a spatial filter [6] . This capability has already found widespread application in biology and medicine, usually as a means of producing three-dimensional images of fluorescent or reflective markers within cells.
A typical arrangement of a scanning optical microscope is shown in Figure 1 . A plane laser wave is focussed into a spot on or within the specimen. The reflected light is then focussed by an operationally separate optical system into a plane with a spatial filter onto a detector, thereby discriminating against light from other than the focus plane. This filter (a small pinhole) is located in a plane conjugate to the field. An image of the specimen is built up by scanning the spot in a rectangular raster pattern (frame rate for 512*512 pixel: 0.5 sec.). The lateral and axial resolution depends on the pinhole size, the wavelength of the laser light, and the aperture of the objective. In the confocal arrangement the lateral resolution is slightly better than in the conventional case. The thickness of the optical sections (depth resolution) obtained in the confocal way is:2: 0.3 11m.
The CLS-Microscope that we used in our experiments was a Zeiss LSM 410. It is an invert type microscope with a very stable stand that allows to place the tensile testing machine on the microscope table and to perform the in-situ tests. The axial shift of the focus is done by moving the microscope objective. 
Therefore equation (1) becomes (5) Equation (5) indicates that only the fractional part 8* can be detennined from the intensity of light, while the integer order N is lost. By looking at the isochromatic fringe pattern of polariscopes, the maximum evaluable retardation is limited to 0.5 fringe orders. For a more accurate detennination of this fractional part a Fourier algorithm is applied to calculate the phase [7] . Equation (5) with the intensity I at any point (x,y) can also be written as
where the background intensity U(x,y), the contrast of the fringe pattern intensity K(x,Y), and the phase difference 8* are all unknown. The phase a is an added phase difference which is known. Technically this phase shift can be achieved by rotating the analyzer of the polariscope. The phase difference 0*, which characterizes the experimental technique, is the required parameter. Thus, a minimum of three equations are needed to solve for 0*. Values of a between 0 and 2;e are chosen to provide the necessary equations to solve for a. Various algorithms have been devised. As the intensity changes twice between 0 and 2;e, a three-shift method is applied to provide intensities II to 13 at any point corresponding to the added phase differences of aI = O, a2= J/31l' and a3=-1/31l' (see figure 2) . The required phase difference is then calculated according .
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Also the detennination of the absolute fringe order N becomes easier, because the increase or decrease of the absolute fringe order can be evaluated.
Laser-Scanning-Photoelasticity Figure 3 shows the polarisation setup which was realized with the CLSM mentioned above. By focussing on the boundary-surface of the matrix and the surrounding air the reflected light is detected. In terms of photo elasticity this is a circular-reflexion-polariscope. The effective optical thickness d' of equation (3) is twice the geometrical thickness d of the test specimen. The resulting equation to calculate the phase retardation is then (8) Figure 2 . Three isochromatic fringe pattern are taken with different phase shifts a and the phase is calculated according to equation (7) . Comparing intensity-images with the phaseimage the supression of disturbing structures can be observed. Looking at the given problem of determining stress states around fibres embedded in matrix material, it is obvious that the interpretation of the isochromatic fiinge pattern with respect to plane stress states is a considerable simplification. To obtain a better idea of the stresses in depth, a method is introduced where semitransparent (partially reflecting) layers embedded in the test specimen are used (figure 4) [8] . The corresponding phase retardation is measured with the reflection polariscope. The layer is selected by setting the focus of the CLSM into the partially reflecting plane. The light from other planes is supressed.
Based on equation (8) The stresses can be determined by (13) with the portion factor FAB . The stresses in layer BC are calculated in a similar way. As the fibre is placed in the centre of the specimen (see figure 4 ) the stress distribution around the fibre is symmetrical. The stresses above and underneath the symmetry plane are assumed to be equal. This allows to calculate the stresses in layer CM from (14) (15)
Evaluating separated stress components including their directions is impossible with this technique, even though these obtained results give a more detailed view on stress distributions around embedded fibres. A lot of care with the preparation of the sample needs to be taken when this technique is used. Figure 5 shows a cross section according to the principle in figure 4 where thin sputtered gold layers reflect the light. Figure 6 displays the isochromatic fringe pattern which can be obtained from the corresponding layers. The cracks in those layers, which are not disturbing, are an effect of specimen preparation. Figures 7 and 8 show some examples of series taken in-situ while loading the samples. Calibration of the birefringent properties of the material allows for quantification of the stresses. The stresses along the fibre, the shear stresses, are of high interest. Figure 9 shows an example of a SFC-specimen with semireflecting planes according to figure 4. The stresses in the layers are determined with depth resolved Laser-Scanning-Photoelasticity. Figure 7 . Isochromatic phase fringes of a boron fibre (d= 100 Ilm I L= 3 mm) taken at a tensile test (loading in fibre direction) with load increments of 10 N/mm2 (from frame 1: 10 N/mm2 to frame 6: 60 N/mm 2 ). The observed failure effect is a fibre matrix debonding. The single fibre composite test is a well established experimental procedure used for assessing interfacial as well as fibre strength. In this study a method based on photoelasticity in combination with Confocal-Laser-Scanning-Microscopy (,,Laser-Scanning-Photoelasticity") was introduced. The stress field around fibres can be determined, even in depth. After calibration of the birefringent properties of the material, this method allows for quantification of the stresses, where the shear stresses along fibres are of interest. Failure mechanisms like debonding, fibre breaks, matrix fracture, and matrix yield could be observed in-situ while the specimen were strained.
RESULTS

